INTRODUCTION
OUR studies of evolution in the butterfly Maniola jurtina L. since i 946 have revealed something of the ways in which the insect becomes adjusted to the diversity of ecological conditions existing throughout its range. Ford (1964) has summarised all the principal references. As an index of variation we have used the distribution of spots on the underside of the hind-wings (ranging from o to 5 per wing)-a character now known to be under polygenic control (McWhirter, in preparation) . Throughout this paper we have considered the species jurtina solely from the point of view of the spot-values. We do not here express any opinion on the validity of various taxonomic schemes which have been proposed for it. Our thesis is that spot-stabilisations transcend specific and possibly generic boundaries.
One of the outstanding facts emerging from our investigations is that spot-distribution achieves a remarkable stability even in the face of a highly diverse and fluctuating environment. This is true of both males and females, but since the female is the more variable sex, it provides the better indicator of adjustment to changing conditions. Thus, across the whole of Southern England ranging from the cold, dry east coast to the warmer, humid conditions of mid-Devon (a distance of about 230 miles) we find a characteristic stabilisation with the males unimodal at 2 spots and the females unimodal at o.
Sampling of the jurtina populations in the vicinity of the DevonCornwall border during 1956 revealed an unexpected situation in which the typical Southern English stabilisation changed to a different Cornish one in a matter of a few yards and in the absence of any detectable ecological barrier (Creed et al., iç) . Thus, while the change in male spotting amounted to little more than an increase in spot-average, that of the females became bi-modal at o and 2 spots. During the subsequent nine years the situation has remained much the same except that the zone of transition has moved by somewhat erratic steps 22 miles eastwards, to a locality 9 miles west of Crediton.
CONTINUITY OF SPOT-DISTRIBUTION IN SPACE AND TIME
There is a number of questions which, if answered, could throw much valuable light on evolution in the butterfly: With these questions in mind, we studied collections of Maniola jurtina in the British Museum (Natural History). It seems that nearly all the collections represent effectively random samples; certainly no attention appears to have been paid by collectors to the relatively insignificant spots on the underside of the hind-wings. Our treatment of the collections as valid samples so far as spots are concerned has yielded consistent and interesting patterns of spot-distribution. Even rather small collections have been scored and listed, since they either contribute to a general picture of the situation over wide areas and long periods of time, or, at least, suggest some deviation from the expected pattern. Their use, however, has inevitably meant a certain sacrifice of statistical rigour in the comparison of samples with respect to their homogeneity. Throughout the paper we have emphasised the significance of the spot-average as a parameter providing a reliable index of general trends in spot-distribution.
Some populations are subject to intra-seasonal shift. For instance, at Ipswich in 1957 the early emergence was rather highly spotted but was succeeded by typical lower spotting (Old English pattern) later on (Creed et al., 1959) . A similar change occurs regularly in certain populations near Winchester (Dowdeswell, 1961 (Dowdeswell, , 1962 . Samples collected in single or neighbouring localities in the General European area (see pp. 190 to 197 below) do not show any evidence of intraseasonal shift, which suggests that the phenomenon may be confined to populations on the periphery of the Continent as a whole.
THE BRITISH ISLES
(a) Ireland
The data for 1920 and 1932 show that the characteristic Irish stabilisation, with an overwhelmingly high mode at o spots in the females, goes back at least 40 years ( No collections of large numbers from the same area were found, nor were there any early collections of reasonable size. 
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These collections reflect faithfully the situation in Southern England before the wave of high spotting in 1955-58. The excess of females at two spots over those at one spot in the Tring collection is clearly not significant and the spot-averages conform well with the" Old English" N2 stabilisation. It could be that the Hockley sample is in fact showing a tendency to slightly higher spotting. This has been noticed in males from eastern England, but not in females (McWhirter, I 957). ... Samples taken between 1890 and 1936 from a large part of continental Europe always have females with a mode at o spots and males with a mode of 2 spots (tables 4-6). This area (see map at p. 193) is roughly square with sides 2500 km. (1500 miles) long. Such a span in space and time gives plenty of opportunity for the kind of" secondorder" variation, which we have found in Britain, to manifest itself. In fact, the female samples show some heterogeneity and the males much more. If, however, three geographical sub-areas are defined, all samples, except three on the periphery, fall into place. The relatively slight differences between the sub-areas hardly vitiate the concept of a huge area of stabilisation. It seems that rather uniform and very strong selection pressures are operating to produce similar spot-distributions from year to year in many localities. That it is possible for the insect to adopt other patterns of spotting is of course clear from examples already reported from the Isles of Scilly and Cornwall and from Ireland; there is now additional evidence of this inherent variability from the countries lying to the south of the General European area (see map at p. 193). Yet there is no sign of any radical deviations within it, despite its size and the long period over which the museum samples were obtained.
Owing to the large number of samples from the GE area, we decided in the first place to adopt a geographical basis of subdivision. This procedure is objectively justified by the homogeneity of males and females in each sub-area, judged by their spot-distributions (and see Tables i 2(a) and (b)). The three sub-areas are the north and central (GENC) region, the south-easterly region (GESE) and the southwesterly region (GESW). Between these sub-areas there are considerable differences in the adjustment of male spotting, though this never loses the GE characteristic of a mode at 2 spots. The females are igi modal at o spots and more uniform, though only those of GENG and GESE are homogeneous. In this matter, the large continental part of the GE area resembles the intensively studied south English region;
for there, between 1950 and 1952, females were homogeneous but males differed significantly between a slightly higher spotted eastern group and a lower spotted western group (McWhirter, After the great and exceptional disturbances which began in this second-order distinction has not re-established itself in south England. The continental part of the GE area seems to exhibit more stability than the English (see p. 195 below) and it may well be that the second-order variations in the males there will have persisted up to date. This runs from the northern limits of the insect's distribution to include Finland, Germany, Poland, Austria, Czechoslovakia, Hungary and Romania. Belgium is provisionally included, though on the few data available, it might also adhere to the more south-westerly group. Scotland evidently also belongs here, but while southern England conformed up to 1952 and the " Old English" (OE) stabilisation was similar to GENC, some parts of this region switched to a rather more highly spotted stabilisation, " New English" (NE), after the wave of high spotting which occurred in 1955-57. Clearly, in the enlarged temporal and geographical scale with which we are now dealing,
England is a relatively unstable (perhaps because peripheral) region. Four samples from Bulgaria and Yugoslavia have been scored; their female spotting does not differ significantly from that of the GENC sub-area, though it may be fractionally higher (x() = i 05 >P >o1; see tables 5 and 12). The males, on the other hand, are much more highly spotted and no specimens with less than two spots were found. The difference between GENC and GESE males is strongly significant with X() = I89; and Poooi. Eight samples from western Switzerland and from southern and western France were scored (see table 6 ). Two of these were from the same locality (Vernet-les-Bains); one was assembled during the last decade of the nineteenth century and the other was taken in 1909.
Only females were seen; there may have been a rise in spotting in the interval but the difference between the samples is not significant (x() = 35; O2>P>OI).
To test the seven localities for homogeneity, it is necessary, because of small numbers, to limit the comparison to" o spot" and " spotted"
categories. Also the samples from Château d'Oex and St MartinVésubie have only a few females, and these are combined with the 
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P<ooi males resemble those of GESW, and GESE females are like GENC females. Thus the three sub-areas are related and form a distinct GE group. Within the GE area, not surprisingly, in view of the scale in space which is involved, the trend is towards high-spotted males to the south, and towards relatively high-spotted females in the south-west. Both these trends continue beyond the bounds of the GE area. Within it, however, males and females always retain their characteristic modes, that is a mode at 2 spots in the males and one at o spots in the females.
(e) The immediate periphery of the GE area From these patterns it seems reasonable to present the GE area as a coherent unit wherein many important selection pressures are stabilised, probably to a greater degree than in southern England. The two southern sub-areas both tend to be adjusted in such a way that male spotting is higher while female spotting only just increases. An Though the females are not significantly different from the GENC levels, their spot-average is nevertheless markedly lower and the mode at o is of the order of 8o per cent. The males, on the other hand, are very significantly lower spotted than the GENC norm and X() = P >oooi. (iii) Macedonia.-One collection has so far been scored from the region of Macedonia and, although it seems to have been taken from several localities, it is predominantly representative of Thessaloniki (Salonika) and Mount Olympus. Although the sample is very small, there are signs that two different types of jurtina can be found within it. Since, also, no dates are attached, the position is even more obscure. However, the spot-values are strikingly different from those obtained from Bulgaria (GESE, at p. 192 above) and are suggestive of a transition to a higher spotted stabilisation. The small sample from Macedonia (table 15) suggests, but of course this is not conclusive, that there could be a mode at i spot in the females. The sample is high-spotted in both sexes and is strongly divergent from the GESE pattern. The exact probability that the males are deviant is ooi6; the females could be homogeneous with P = o644; the combined probability that the samples are part of GESW just exceeds oo5.
THE IBERIAN STABILISATION AREAS
There is a sharp difference between GE and North Iberian jurtina. Towards the east the Pyrenees form the boundary between the GE and North Iberian stabilisations (see table i 6), so that Vernet-les-Bains and These limited data suggest that the Iberian peninsula is a region embracing populations which are transitional between the GESW pattern in France and the North African types.
THE CENTRAL MEDITERRANEAN
A series of samples are available from Central Italy, Sardinia, Sicily and Malta, G.C., covering the years 1896 to 1927 (see table i8 ).
The females within this region are highly variable, ranging from ...
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... North-West African jurtina will differ from that of the GE insects. The appearance of the imagines is brighter and their size larger. Emergence seems often to begin in April and is certainly well established in May. Without a detailed study of the habitat it is difficult to estimate to what extent the insect is divided into colonies, but, since the samples are often derived from the coastal areas, higher mountainous regions or from watercourses, there should be much less gene-flow across the area than would be the case in a more temperate and damper climate. Males are available only from Timhadit and Zemmours, but these consist of 5 at spots, 3 at 4 spots and i at 3 spots. The spot-averages can thus be estimated as 2O for the females and 44 for the males. These levels exceed o7-o8 for females and 3.1 for males which are characteristic of the rest of the North-West African area.
THE CANARY ISLANDS
These are the outlying south-westerly habitat of M. jurtina. The imagines are large and bright and emergence begins in April. There are no data suggesting anything other than a univoltine cycle. Specimens studied hail from some four or five islands and go back to 1890. Accordingly no idea can be obtained of what differences, if any, there may be between islands; table 21 can do no more than give a rough sketch of the overall situation in the archipelago. TABLE 25 Spot-distributions of M. jurtina specimens collected in the Canary Islands, The sample suggests (a) some similarity to the North Iberian pattern and (b) considerable deviation from the nearby African coast where female spotting is lower and male spotting higher.
Spot-placing in the Canaries, however, is entirely costally biased and hence differs both from the Iberian and the African stabilisations. There is thus a curious resemblance to the situation in the Isles of Scilly, reinforced by the occurrence of double eyes and extra spots on the forewing-a feature of many Scillonian populations. imagines differs markedly from site to site and as far as spot-distributions are concerned only a few definitions can be put forward. The females are low-spotted with modes at o spots; male spotting is very variable. In general, the northern half of the area shows a tendency to higher spotting (WAN) and the southern half is much less spotted (WAS)-approximating to the Irish situation. It will be clear from a comparison of tables 22 and 23 that no definite boundary has been found between the GESE and West Asian (North) areas. The sample from Brusa could well be incorporated into GESE, but eastwards male spot-levels tend to rise. Partly wedged between GESE and West Asia (North) are divergent Macedonian samples (see p. 199). Only a detailed study could fill in the picture in this rather complicated area, where divergences in the general appearance of the imagines become so marked that there must always be some doubt as to the exact limits of the species jurtina.
TRANS-SPECIFICITY OF SPOT-DISTRIBUTION
In two cases it appears that specimens from the West Asian region which have been assigned to other species have similar spot-distributions to those of nearby colonies of M. jurtina.
(a) Table 24 gives details of the spot-numbers in samples of M. telmessia (Zeller); one is from Beirut, the Lebanon, dated i 898, 1908 and igi6, and the other is from scattered localities in West Asia.
M. telmessia from Beirut shows identical spotting with M. jurtina from Syria; the homogeneity of the male spot-distribution is measured by X() = P49; 07 >P >05. Furthermore, the placing of the spots in M. telmessia exhibits patterns similar to those known injurtina.
(b) The Cypriot race has been assigned to a species cypricola (Graves). One respect in which it is deviant is that some specimens 02 have white spots on the undersurface of the hind-wings. Counting only black spots, however, the distribution is even more extremely lowspotted than that found in the West Asian (South) group. Two samples The picture which emerges from a study of samples of Maniola jurtina taken throughout Europe, West Asia and North Africa and covering a span of roughly 6o years is of a series of stabilisations, each clearly defined in terms of spot-distribution. As is only to be expected from museum material, the geographical distinction between these remains somewhat imprecise and a great many more data would be required in order to determine the circumstances in which one form of spot-stabilisation changes into another. In a wide southern belt on both sides of the Mediterranean, spotting appears to have been stabilised at levels quite unlike those of the greater part of Europe.
Our knowledge of the processes of selection and the agents involved in them is still limited; it is not impossible that the spot-distributions of distinct colonies within the same stabilisation area are being maintained by a variety of selective agents operating at particular phases of the life-cycle of the insect (McWhirter, in preparation).
The examination of samples which cover the greater part of the insect's total geographical range has revealed an interesting situation. While the insect at the centre of its range (that is the General European area) exhibits remarkable stability, it tends to show greater variability towards its periphery. Thus in the outlying populations in Ireland, the Isles of Scilly, the Canary Islands, North Africa and the three peninsulas of Iberia, Italy and Greece, and in the West Asian region, we find a number of different stabilisations, each limited to geographical areas which are small compared with the very large GE zone. We would expect to find that in specialised environments near the periphery, adjustment and survival of the colonies are only possible if what are elsewhere unusual genetic combinations are called into play from the gene-pool. It seems likely that further adaptability could be achieved by adopting intra-seasonal variations; in fact, we already see that these occur in some, at least, of the peripheral populations, (e.g. in the Isles of Scilly (Creed et al., in preparation), southern England, and possibly in Italy and Sicily); there is no sign of intra-seasonal shift in the main body of the GE stabilisations.
The levels in corresponding samples of female and male spotting were found by McWhirter (i) to be strongly correlated in British populations examined up to 1955. Evidently this correlation extends throughout the GE stabilisation area but breaks down outside it, though it could still be valid in West Asia. In South Iberia and North-West Africa, females are usually low spotted yet the males contribute some of the most highly spotted samples we have seen. It seems as though the sex limitation of the expression of the spot-genes is achieved in some quite different way in these southerly stabilisation areas. Since very strong selection pressures are known to operate on pre-imaginal characters which are influenced by spot-genes, in England and in the Isles of Scilly (Dowdeswell, 1960 (Dowdeswell, , 1961 ; McWhirter, in preparation), and these affect either one sex, or the other, or both, in different localities, it is quite reasonable to suppose that jurtina in its southern habitats has adjusted itself to very different kinds of selection from those exerted in Britain. Patterns of spotting on the fore-and hind-wings similar to those found in M. jurtina are a universal characteristic of the family Satyrid and appear in several other butterfly families. This underlines the importance of the particular gene systems involved. They may be far more significant than the other characters traditionally used as criteria for assessing species. We have seen how the West Asian (South) spotdistribution is evident both in M. jurtina in that region and in M.
telmessia; M. cypricola in Cyprus, if indeed it merits specific rank, could offer another illustration of the same principle. The genes controlling spotting appear, in other words, to be trans-specific, trans-generic, trans-familial and therefore of great antiquity.
The gene-systems influencing spotting must have been established far longer than have the genera and species now existing. It follows that many other interacting genes in the Satyrine gene-complex must have long been selected and evolved against the background provided by those controlling spotting. Although no mathematical model has yet been evolved to explain this, it seems that very ancient genes (palaeogenes) tend to maintain themselves in freely breeding populations at certain frequencies. When eventually these frequencies change, as a result of prolonged and violent alteration in selection, they do so in relatively large quantum steps; these are detectable through the characters which the palaeogenes control. Many of the data recorded here are due to Walter, Second Baron Rothschild, who collected more specimens of Lepidoptera than any other lepidopterist. His belief that species should be defined on a wide basis, not on a few" type "specimens, made this analysis possible. 
